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The National Institute of Environmental Health Sciences' Superfund Basic Research Program is currently funding 142 separate research projects
within 18 programs encompassing 29 universities and institutions around the United States. The research under this program covers a wide range
of interdisciplinary science from both the biomedical and nonbiomedical perspectives. This is a unique program of technology-driven research.
Nonetheless, there are some areas of research that should be investigated or investigated further, should funds become available. Environmental
health risk posed by the location of Superfund sites may be distributed inequitably across socioeconomic status and racial groups. Since one in five
children now lives below the poverty line, an important aspect of environmental equity must be the investigation of the health effects of environ-
mental factors on children. The multidisciplinary investigation of the effects of hazardous substance exposure on children is an area that needs much
research due to the fact that most of the toxicologic data available are based on adults and animals. This program is funding 27 projects on ecologic
damage posed by hazardous wastes. Much more research is needed in the investigation of toxic effects on natural succession of ecosystems as
well as on their effects on biodiversity to further our understanding of the food web in the role of bioavailability in human health, and to examine the
bioaccumulation of these chemicals as it relates to their fate and transport. This program is researching and developing many innovative technolo-
gies for detecting, assessing, and reducing toxic materials in the environment. As these products are developed through basic research, it becomes
necessary to design a technology-transfer strategy for this program to handle the unique problems associated with transferring multidisciplinary
technology from basic research to applied research and eventually to technology demonstrations and commercialization. Two areas of prime consid-
eration are biologically based risk assessment and bioremediation. Presently, more than half of hazardous waste remediation is done via incineration.
Additional funding will allow for investigating innovative technologies in incineration, to augment studies on the health effects of exposure to toxic
combustion by-products, and to develop real-time monitors for hazardous waste incinerator emissions. From a public health perspective, this tech-
nology may allow for the destruction of environmental hazardous wastes such that potential human health effects are ameliorated, or indeed pre-
vented, specifically by reducing the amount and toxicity of hazardous substances. - Environ Health Perspect 103(Suppl 1):3-6 (1995)
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Introduction and Overview
The Superfund Amendments and
Reauthorization Act (SARA) of1986 estab-
lished a university-based program of basic
research within the National Institute of
Environmental Health Sciences (NIEHS).
The NIEHS Hazardous Substances Basic
Research and Training Program's [Super-
fund Basic Research Program] primary
objectives are to expand the base ofscientific
knowledge; to reduce the amount and toxic-
ity ofhazardous substances in the environ-
ment; and ultimately, to prevent adverse
human health effects. The SARA legislation
mandates that the research funded by this
program should include development of
methods and technologies to detect haz-
ardous substances in the environment;
advanced techniques for the detection,
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assessment, and evaluation ofthe effects on
human health of hazardous substances;
methods to assess the risks to human health
presented by hazardous substances; and
basic biological, chemical, and physical
methods to reduce the amount and toxicity
ofhazardous substances in the environment.
The National Institute of Environ-
mental Health Sciences' (NIEHS) Super-
fund Basic Research Program is a unique
program of basic research and training
grants directed towards understanding,
assessing, and attenuating the adverse
effects on human health that result from
exposure to hazardous substances. Grants
made under this program are for coordi-
nated, multicomponent, interdisciplinary
programs. The program is now in its seventh
year, and its aim is to sustain a unique pro-
gram linking biomedical research with
related engineering, hydrogeologic, and
ecologic components.
One of the NIEHS Superfund Basic
Research Program's goals is to encourage
true collaborative efforts among researchers
to address the public health concerns asso-
ciated with hazardous wastes in the
environment. The research, sponsored in
the fields of ecology, engineering, and
hydrogeology (designated collectively as
nonbiomedical research) integrated into a
biomedical research program core, is
designed to provide a broader and more
detailed body ofscientific information to
be used by state, local, and federal agencies
and by private organizations and industry
in making decisions related to the manage-
ment ofhazardous substances. To accom-
plish its goals and objectives, NIEHS
presently supports 18 programs at 29 uni-
versities or institutions throughout the
United States; these programs encompass
more than 146 individual research projects
addressing its legislative mandates. The pro-
gram's budget has grown from $3 million
in FY87 to almost $36 million in FY95.
The increases in the program's funding are
directly related to its successes. The research
under this program covers a wide range of
interdisciplinary science from both the bio-
medical and nonbiomedical perspectives.
Funded Research Programs
NIEHS's Superfund Basic Research
Program competitively funded the follow-
ing institutions onApril 1, 1994:
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University of California (Davis),
University of California (Berkeley),
University of Cincinnati, Michigan State
University, New York University Medical
Center, University of Washington,
Massachusetts Institute ofTechnology,
Research Foundation of the State
University of New York, University of
Arizona, Utah State University, Texas
A&M Research Foundation, Harvard
School of Public Health,* Rutgers State
University, University ofNorth Carolina
at Chapel Hill,* Tulane University,*
Cornell University,*t Colorado State
University,* University of Nevada
(Reno)*t
Future Directions
At current funding levels not all proposed
research can be funded. Should the NIEHS
Superfund Basic Research Program be reau-
thorized by September 30, 1995, the fol-
lowing are some areas of research that
should be investigated or investigated more
fully, ifadditional funds become available.
(The Superfund Program has been
extended for one year, giving NIEHS the
authority to spend its FY95 appropria-
tions.) The areas have been broken down
into three sections: biomedical and nonbio-
medical (ecology, engineering, hydrogeol-
ogy, etc.) research disciplines, and an
additional section on technology transfer.
Biomedical Disciplines
The program currently funds 35 projects
related to the discovery ofvarious biologic
markers. The technology within this pro-
gram is on the cutting edge of assessing
and evaluating human exposure to and
effects of hazardous substances. This
research encompasses many biomarkers
from the exposure to many chemicals, and
significant progress has been made.
Additional funding would allow not only
the continued discovery ofnovel biomark-
ers but the validation of the recently dis-
covered biomarkers in human populations.
This would include determining the use-
fulness ofthese biomarkers through molec-
ular epidemiology research, specifically for
exposures to low levels ofchemicals in the
environment.
Environmental health risk posed by the
location ofSuperfund sites may be distrib-
uted inequitably across socioeconomic sta-
tus and racial groups. Since one in five
children now lives below the poverty line,
an important aspect of environmental
equity must be the investigation of the
health effects ofenvironmental factors on
children. Such investigations and the train-
ing of pediatricians are currently being
investigated on a limited scale by this pro-
gram. With additional funding the pro-
gram could develop a multidisciplinary
approach to the investigation ofthe effects
ofhazardous substance exposure on chil-
dren. This is an area that needs much
research because most of the toxicologic
data available are based on adults and ani-
mals. Projects devoted to this area of
research could include exposure to haz-
ardous wastes and their effects on immuno-
logical, neurobehavioral, endocrinologic,
pulmonary, and cardiological systems as
well as the effect oftheir presence in breast
milk and other parts oftheir diet.
To date, most research related to haz-
ardous waste sites has involved the study of
single chemicals with a single source being
transported through a single medium. For
example, only about 12 projects deal in
some way with interactive toxicity and/or
mixtures ofchemicals. While this research
is important for the advancement of the
base ofscientific knowledge, it is unrealistic
in its relationship with existing waste sites.
Human exposure to chemicals is rarely, if
ever, confined to one chemical. Therefore,
more research needs to be conducted that
focuses on the health effects ofexposure to
mixtures ofchemicals, specifically, in evalu-
ating what chemicals one is actually
exposed to and at what levels and in assess-
ing the riskofthis exposure.
The program funds eight projects that
are investigating the improvement and vali-
dation ofrisk assessment. This field works
with many uncertainties, but it is widely
used to make remediation and policy deci-
sions. Improvement ofthe scientific data
and the methods used for this procedure is
essential, especially in biologically based risk
assessment. With increased funding, this
program could continue its existing research
as well as expand the base ofscientific data
and methodologies used in this procedure.
Additional funding would allow expan-
sion ofexisting research projects as well as
investigation of other areas of biomedical
research. These areas include:
* Study of behavioral, neurologic, and
neuroendocrinologic effects of toxic
chemical exposures, especially of
chronic/delayed exposures to low levels.
* Study ofthe reproductive and develop-
mental effects of toxic chemicals, espe-
cially in population-based studies and in
studies on fecundity.
* Analysis and evaluation of pollutant
impact on toxicity end points, especially
effects on the respiratory, renal and car-
diovascular systems, on the integument
(skin), and on hearing and vision.
* Study of the immunologic response of
exposed populations, especially improv-
ing methodology and validation for low-
level exposures.
Nonbiomedical Disciplines
The NIEHS Superfund Basic Research
Program currently funds 27 projects in the
area of fate and transport of chemicals
through various media from waste sites.
With an increase in funding, more research
could be conducted in the validation of
hydrogeologic models that have been
developed. Additional research could inves-
tigate the bioavailability ofthese chemicals
as it relates to their fate and transport.
Much more research is needed in the inves-
tigation oftoxic effects on natural succes-
sion ofecosystems as well as their effects on
biodiversity; to further our understanding
ofthe food web in the role ofbioavailabil-
ity in human health; and to examine the
bioaccumulation of these chemicals as it
relates to their fate and transport.
Similarly, this program is funding 10
projects in the area of ecologic effects of
hazardous waste. Much more research is
needed in the investigation of toxic effects
on natural succession ofecosystems as well
as their effects on biodiversity. Research is
needed to further investigate the use ofani-
mals as sentinels of adverse health effects
from environmental exposures as well as
food web studies to increase our under-
standing of the role of bioavailability in
human health.
Biodegradation of chemicals released
from hazardous waste sites promises to be
an effective and economical approach to the
remediation of these sites. Currently the
Superfund Basic Research Program is fund-
ing 31 projects in the field ofbioremedia-
tion. This is a relatively low amount of
funding considering the potential benefits
and cost effectiveness from this approach to
remediation. Increased funding would
allow this program to develop more systems
capable of a wide range ofdegradation as
well as the development ofexisting and new
bioreactors (scale-up) for remediation.
Metals present unique problems to the
field of environmental health because of
their ubiquity and persistence in the envi-
ronment, and their ability to form com-
plexes with organic molecules changing the
properties ofthe metals, as well as the added
complication presented by metal-metal
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interactions. All of these make risk assess-
ment for metal exposure extremely
difficult. Furthermore, their remediation at
hazardous waste sites is also exceedingly
difficult, primarily because metals cannot
be destroyed but can only be changed in
their chemical form. Nonetheless, the
sequestering ofmetals by microbes as well
as their conversion into "less" toxic forms is
a promising approach to dealing with these
nondegradable substances and is an area
that needs increased investigation.
For these reasons and many others, it is
important to promote the exchange ofsci-
entific research and public policy research
on the evolving risks of hazardous waste
sites containing metals, metalloids, and
metal complexes. Hazardous wastes dumped
into the environment produce contami-
nated air, soil, and water, which do not rec-
ognize international boundaries. By better
characterizing the movement through vari-
ous strata and improving methods for
assessing exposure to hazardous substances,
the United States and Mexico can evaluate
more effectively the risk to human beings.
The Superfund Basic Research Program
currently funds only three projects in the
area ofcombustion engineering. Presently,
about halfofhazardous waste remediation is
done via incineration. Additional funding
will allow for investigating innovative tech-
nologies in incineration; augment studies on
the health effects ofexposure to toxic com-
bustion by-products; and develop real-time
monitors for hazardous waste incinerator
emissions. From a public health perspective,
this technology may allow for the destruc-
tion ofenvironmental hazardous wastes such
that potential human health effects are ame-
liorated, or indeed prevented, specifically by
reducing the amount and toxicity ofhaz-
ardous substances. Much more research is
needed in this discipline. More research is
also needed to further develop real-time
monitors for hazardous waste incinerator
emissions.
Increased funding would allow this pro-
gram to continue and increase investigation
of alternatives to thermal destruction,
including biologic conversion, chemical
conversion or neutralization, and new
destruction techniques.
There are many areas ofnonbiomedical
research that are not currently being sup-
ported by this program due to lack ofavail-
able funds. Some examples of possible
research initiatives that would be addressed
with increased funding are as follows:
* study the use ofgenetically engineered
higher plant species to remediate toxic
waste sites; also, investigate the fate of
various environmental toxins in plants
and the chemical modifications as they
enter the environment through media-
tion ofhigher plants;
* study the minimization of hazardous
waste at the source through efficiently
engineering better production processes
as well as reducing the amount and toxi-
city ofthe produced waste streams;
* study the remediation ofmixed radioac-
tive and hazardous waste as well as the
health effects ofexposure to these mixed
wastes.
TechnologyTransfer
This program is researching and developing
many innovative technologies for detect-
ing, assessing, and reducing toxic materials
in the environment. As these products are
developed through basic research, it has
become necessary to design a technology-
transfer strategy for this program to handle
the unique problems associated with trans-
ferring multidisciplinary technology from
basic research to applied research and even-
tually to technology demonstrations and
commercialization. To this end, a technol-
ogy/information transfer database has been
developed to track transfers and collabora-
tions of technology between this program
and public and private organizations. We
sponsored or cosponsored eight major
scientific conferences in 1993, ten in 1994,
and in 1995 we have shceduled eight such
meetings. Some of the areas of program
emphasis reflected in these conferences are
concentrating on biodegradation of haz-
ardous wastes, development and applica-
tion ofbiomarkers to the study ofhuman
health effects, molecular mechanisms of
metal toxicity and carcinogenicity, expo-
sure, and remediation of hazardous waste,
human health effects of hazardous waste,
and toxic combustion by-products.
Conclusion
The NIEHS Superfund Basic Research
Program represents an integrated series of
studies designed to produce important,
immediate, and practical results in the
toxic waste area. The far-reaching benefits
from this program are just starting to be
realized and the impact of its innovative
technologies will result in the assessment
and remediation of hazardous wastes.
Nonetheless, the study ofthe relationship
between hazardous substances in the envi-
ronment and their effects on human health
is in its infancy. With continued and addi-
tional funding, this program could further
build this database as well as increase its
ability to fund scaled-up research and expe-
dite the transfer from basic to applied
research. The development ofenvironmen-
tal technologies from basic research to
applied research and from applied research
to demonstration and application in the
field is a continuum. Each stage ofdevelop-
ment depends on the other to fully under-
stand the effectiveness and practicality of
the technology. Therefore, the dissemina-
tion and exchange of the research findings
from this program will further enhance the
program's ability to address the mandates
legislated under SARA.
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